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About This Manual

This document is primarily a description of the user interface for SURPH2.1. It is
not a description of the statistical theory and calculations behind SURPH. The best
source for that information is the SURPH.1 manual. To request a copy of the SURPH.1
manual sent to you free of charge, please send the request, along with your mailing
address, to surph@cbr.washington.edu.

Important! This document describes the user interface to SURPH 2.1. The
format of the input data file has been changed since SURPH 1.0 and SURPH 2.0 to make
it simpler and more intuitive. A conversion program to convert a data file from previous
versions of SURPH to the input data file format for SURPH 2.1 is provided (Section
1.3.1).

This project is funded by the Bonneville Power Administration, US
Department of Energy, under Contract No. 004126, Project No. 89-107-00, as part of the
BPA’s program to protect, mitigate, and enhance fish and wildlife affected by the
development and operation of hydroelectric facilities on the Columbia River and its
tributaries.
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1.0 Getting Started

1.1 SURPH 2.1 - Startup

The SURPH 2.1 program at startup appears as shown below. The main SURPH
window consists of a context-sensitive menu and a workspace that holds all open
windows during a SURPH 2.1 session.

|Data type: Release Recapture

1.2 Select Data Type

FIelEci Data Model Parameters

(Sany
[Telete
Si=lzee s
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3 Release-recapture " Known-fate

‘Wwhen awindow is move or resized. Surph
remembers the size and position. Click the reset
button to clear the positioning settings. Y'ou will
hawe to restart Surph for the reset to take effect.

Feset I

—Report format

Mumber of decimal places: |4

I_ """ oK Cancel

The currently selected data type appears in the lower right-hand corner of the
main SURPH window as shown below. Once the data type has been selected and

SURPH 2.1 has exited normally, the selected data type will be the default at startup.

L. Surph _ O] x] I

File Edit ‘Window

SURPH 2.1



1.3 SURPH 2.1 - Load Input Data

File Edit ‘Window

Save b,
Erit

etz filese 2] BI =il
Save b ooel et e

Lmad odels]l.

Save Madels]L

[
Exit

Once the data have been successfully loaded, the SURPH Dialog Window for the

selected data type will appear.

Note: The input data file format is different for SURPH 2.1 than for previous

versions of SURPH 1.0 and SURPH 2.0. Please see Section 1.3.1 for detailed

instructions on data input formatting. A conversion utility is provided to convert older

input data files into the new format.

1.3.1 SURPH 2.1 - Data conversion utility

The stand-alone conversion routine "dataConv" will convert data files created for
SURPH.1 or SURPH.2 into the appropriate format for SURPH 2.1. The task must be run
from the command prompt in Windows 2000 or the MS-DOS prompt in Windows

NT/98. The syntax is as follows:

» dataConv oldDataFile newDataFile

where oldDataFile is the input data file for SURPH.1 or SURPH.2, and newDataFile is

the new data file to be created for SURPH 2.1.

SURPH 2.1



2.0 Basic Concepts

2.1 SURPH Options

Fie  Edit Data Model Parameters

The SURPH Options dialog allows the user to select options that affect the overall
behavior of SURPH, as follows:

o The Data Type selection determines the type of data that will be analyzed by
SURPH: Known-Fate or Release Recapture.

o The Reset option allows the user to reset the window positions to their default

position upon opening.

e The Report format - Number of decimal places determines the number of
decimal places on all values for SURPH reports.

2.2 SURPH Probabilities

The SURPH probabilities are the probabilities of interest in a SURPH model.
Specifically, they are:

e The survival probabilities for known-fate studies.
o The survival probabilities, as well as the detection probabilities, and the final

product probabilities for release-recapture studies.

The SURPH probabilities are modeled as a function of the model parameters and the
covariate values. The functional relationship of the parameters and covariates to the
resulting SURPH probabilities is defined by the link function.
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2.3

24

Model Parameters

SURPH 2.1 models the SURPH probabilities as a function of the model
parameters. The model parameters are:

The baseline probability defines the given probability for the first population and
period.

The main effects describe the difference of the given SURPH probability from
the baseline probability.

The group covariate coefficients describe the relationship between the group
covariates and the SURPH probability.

The individual covariate coefficients describe the relationship between the
individual covariates and the SURPH probability.

Covariates

SURPH probabilities can be modeled as a function of two types of covariates:
1. Group Covariates.

2. Individual Covariates.

2.4.1 Group covariates

Group covariates are factors that affect one or more of the populations as a whole.

Examples are ambient temperature, sex, habitat type, or treatment condition. There are

two varieties of group covariates:

a.

Time-invariant group covariates that are the same from one sampling occasion to
the next. The user defines the value of a time-invariant group covariate for each

population. An example might be the sex of the individuals in the populations.

Time-variant group covariates are allowed to change from one sampling
occasion to the next. The user defines the value of a time-variant group covariate
for each period of each population. An example might be the average temperature
for each period.

5 SURPH 2.1



2.4.2 Individual covariates

The Individual covariates apply to each individual. Examples include body length

and body weight. The user specifies the value of an individual covariate for each

individual.

The nature of the relationship between the covariates and the resulting SURPH

probabilities is defined by the link function.

2.5 Link Functions

Release-Recapture

(L Surph
File Edit Data Model

Window

Parameters
Survival..
Hazard
Logit
v [dentity

[ISETUUE Detection Link >

Model Defir
|7 Product...

Product Link. ~ »

Name |# Param| |

Known-Fate

File Edit Data Model | Parameters ‘Window

"Mudel Definition List

The functional relationship of the model parameters to the SURPH probabilities is
defined by the link function. SURPH 2.1 defines three link functions.

e The identity link assumes an additive effect on survival probability. The identity
link is the default link for all SURPH probabilities.

o The hazard link assumes a multiplicative effect on hazard rate, an exponential

effect on survival probability.

o The logit link assumes an additive effect on log odds ratio.

Both the hazard link and the logit link constrain all probabilities to be between 0 and 1;
the identity link allows a probability to be greater than 1.

SURPH 2.1



2.5.1 Link function details

Release-Recapture Known-Fate

File Edit Data Model | Parameters Window

{L. Surph
File Edit Data Model

Parameters  Window

Survival...
Hazard

S r Lol
Detection... :
dentity
HRSTILL0E Detection Lirk » 2 ol

|7M0del Defir

Praduct... :
Product Link. ~ » Name |¥ Param| |

2.5.2 Identity link

The identity link assumes an additive effect and places no constraints on the
resulting SURPH probability. Survival is modeled as follows:

S ik The survival probability for population i, period/occasion j, individual £.

S o = The baseline survival probability parameter.

T, = The main effect parameter for population i, period/occasion j.

Vi

The vector of group covariate coefficients for period/occasion j.
Y = The vector of group covariates for population i, period/occasion j.
o

¥ = The vector of individual covariate coefficients for population i, period j.

Vi = The vector of individual covariates for population i, individual £.
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2.5.3 Hazard link

The hazard link assumes a multiplicative effect on hazard rate and an exponential
effect on the SURPH probability. The hazard link constrains the resulting SURPH
probability to be between 0 and 1.

] exp| 7 +7 jX;; + 05V
Sy = loglt(SO) ( 2

2.5.4 Logit link

The logit link assumes an additive effect on the log odds ratio. The logit link, like
the hazard link, constrains the resulting SURPH probability to be between 0 and 1

exp(SO +7T; +y X+ é'l.jyl.k)

- 1+exp(SO +7T,+ )X, +5l.jyl.k)

J

ik

2.6 SURPH 2.1 - Model Definition

A Model Definition encapsulates all the settings that go into defining a model, as
follows:

1. The name of the model.

2. The settings for the main effects, group covariates, and individual covariates for:
o Survival-related parameters (known-fate and release-recapture data).
o Detection-related parameters (release-recapture data only).
o Final product-related parameters (release-recapture data only).

The use of model definitions allows more than one model to be defined in advance, and
the actual model creation (i.e., parameter estimation) to be performed as a separate
operation. For some models, especially those with individual covariate parameters, a
significant amount of time is required to estimate the parameters; hence, there is an
advantage to creating several model definitions in advance and estimating the parameters
for all models in one operation.
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2.7 SURPH 2.1 - Model

A Model is created when the parameters, as defined by the model definition, are

estimated. A Model thus contains all the information contained in a model definition,

plus the parameter estimates. Optionally, the variances and covariances of the parameter

estimates can also be computed upon request.

2.8 SURPH Dialog Window

The SURPH Dialog Window for release-recapture data is shown below (the SURPH
dialog window for known-fate data differs only in the column labels in the main model
list and the testable model list). Once input data has been loaded into SURPH 2.1, the
SURPH dialog window is the base window for all data analysis and modeling. The main

components are:

e The Model Definition List.
e The Master Model List

e The Testable Model List

e The Likelihood Ratio Test (LRT) area
e The Create Model Definition button

e The Create Model(s) button

Description of column labels

B C:ASurphD ata\Dworshak._dat: Release Becapture Modeling
—Model Definition List

Model3
Modeld

Create Model Def

Master Model List

Mame |# Param LnLike AlC S Link | PLink Phi Link

Modell [T

_ |Model2 36

-6123.6 12337.2 identity identity identity
-6131.99 12336 identity identity identity

2|

Testable Model List

MName |# Param | LnLike AlC 5 Link | PLink Phi Link

Model2 13

Create Model[s]

Statistic:|
df:|

16.7712

9

P-value:

0.0524223

-6131.99 12336 identity identity identity
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2.8.1 Model definition list

The Model Definition List contains the name of all model definitions that have
not yet been used to create models. In the above example, pressing the "Create Model"
button will cause the creation of models "Model3" and "Model4" from their respective
Model Definitions. The models will then appear in the Master Model List and their
definitions will be removed from the Model Definition List. Model Definitions can be
exported and imported at a later SURPH 2.1 session.

2.8.2 Master model list

The Master Model List contains all the models that have been created in the
current session of SURPH 2.1. Models can be exported and imported at a later SURPH
2.1 session.

2.8.3 Testable model list

When a model is selected in the Master Model List, any nested models of the
selected model that are in the Master Model List appear in the Testable Model List as
well. If the user selects one of these models in the Testable Model List, a Likelihood
Ratio Test (LRT) is performed, and the results appear in the Likelihood Ratio Test area.
In the above example, "Model2" is selected in the Testable Model list and "Model1" is
selected in the Main Model List. The results of the LRT are in the Likelihood Ratio Test

arca.

2.8.4 Create model definition button

When the Create Model Definition button is pressed, the user will be prompted to
enter a name for the Model Definition about to be created from the current parameter
settings. A unique name must be entered. A Model Definition cannot be created with the
same settings as an already defined Model Definition or Model.

2.8.5 Create model(s) button

The Create Model(s) button creates models from all of the Model Definitions in
the Model Definition List. The names of these models then appear in the Master Model
List, and their names are removed from the Model Definition List.
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2.8.6 Description of column labels

Name The model name

# Param | The number of parameters in the model

LnLike | The log-likelihood

AIC The Akaike Information Criterion

S Link The link function for the survival probabilities

P Link (Release-recapture data only) The link function for the detection
probabilities

Phi Link | (Release-recapture data only) The link function for the final product
probabilities

2.9 SURPH Reports

One way in which SURPH displays results is via text-based reports. In all
reports, the user has the following options:

File Edit ‘wWindow
Lmd Daa-“ ﬁ
Prinit stinates
ez ie] fal el B = il 1965, Sebes
el od & D efinition leases
kima_new d
Load M adel &),
Save Mods S
Close iod
Exit Chrl:= __-_E
1 [ 00939 (1
2 | 0.103F
Save As ... | Save the report to a text file. The resulting file can be edited and/or

printed with any standard text editor.

Print Print the report.

The precision of the report values can be set through the SURPH Options dialog.
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2.10 SURPH Graphs

In several cases, SURPH 2.1 displays results in a graphical form. When a graph

is selected, an "Option" menu appears on the menu bar with some or all of the following

menu selections.

Model Selection

Description

Grid Line Controls the density of grid lines on the graph.
Zoom Allows the user to zoom in to the graphical data to varying degrees.
Move Origin Allows the user the move the center of the graph frame to a different

point on the graph.
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3.0 Data Analysis Tools

3.1 Release-Recapture

3.1.1 Cormack-Jolly-Seber estimates

File Edit Data Model Parameters ‘Window
CJS Estimates Standard Aeport
CJS Covariance M atie:
Burnham Test 1...

Bumham Test 2.

Esrram Tasan at: Release Recapture Modeling
Manly-Par Estmates

W-Arrays Mame | # Paran
Individual Covanates

The Cormack-Jolly-Seber (CJS) estimates report, as shown below, provides
estimates and standard errors for the survival and detection probabilities, and the product
of the final survival and detection probabilities. The standard error of all estimates are
reported in parentheses. The estimate of the overall survival probability—that is, the
product of all the survival estimates—is reported as well. In the example below, there is
one population with three periods.

I C:\SurphD ata\Reservy_dat: CJS Estimates

Cormack-Jolly—Seber Eztimates
(Cormack 1964, Jolly 1965, Sesber 1965)

Data: Reserwolr releases
File: C.~SurphData>Reserv.dat

Survival Probabilities Standard ervors are in parentheses

| Period |
Population | 1 2 | Owverall
i

1 0.8857 (0.0197) 0.8691 (0.03643 | 0.7697 (0.0278)

Capture probabilities
= D.BE5F X -C'.F:fé--’j'.[

| Qccasion
Population | 2 3
1 i 0.5312 (0.0177) 0.4488 (0.0219)

Froduct of final period survival- capture

Population |

1 | 0.5920 (0.0272)
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3.1.2 Profile likelihood confidence intervals

L. Surph
Fiie Edi Data Modei Paameiers Window

Standard Report

CJ5 Estirnates

CJS Covanance b ats F od 0.05
Burnham Test 1... Prafile Likelihood 0.10
Bumnhar Test 2.,

Burnham Test 2. lat: Release Recapture Modeli
Manky-Fam E stimates

Mo
H M-Arays : Name  # Par
Indradual Covanates
"

If one of the profile likelihood options is selected for the CJS estimates, the report
will include the estimates of the profile likelihood confidence intervals for all survival
estimates. The alpha level for the confidence interval can be selected to be 0.05 or 0.10.
The report below illustrates the CJS report with 95% profile likelihood confidence
intervals for a study with three populations and two periods.

I C:\SurphD ata\yakima._dat: CJ5 Estimates M=l E

Cormack-Jollv-5Seber Estinates
(Cormack 1964, Jolly 1965, Seber 1965)
with profile likelihood 0.05 confidence interwals

Data: Yakima: Lake Releases

File: C:-SurphData“yakima.dat alpha Level
Survival Probabilities Lower boutind &fﬂb?%smwﬁdencﬂimimwml
WUpper Dot
| Pericd PP

Population | 1 | Cwerall

1 | 0.0939 (0.0115) [0.0743 D.lEDB] i 0.0939 (0.0115)
d | 0.1038 (0.0112) [0.0840 0.125%2] | 0.1038 {0.0112)
3 | 0.0619 (0.00B6) [0.0472 0.0820] | 0.0619 {0.00B6&)

Capture probabilities

| Occasion
Population | 2

1 | 0.5741 (0. 0OR73)
2 | 0.5405 (0.0579)
3 | 0.5556 (0.0741)
Product of final period survival-capture

Population |

1 i 0.3827 (0.0540)
2 | 0.4878 {0D.0552)
3 | 0.4302 {0.0700)
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3.1.3 CJS covariance matrix

File Edt Data Model Parameters ‘Window

CJS Estimates... 3
CJSC e M st

Burnham Test 1...

Burnham Test 2.

Hisrhan Tastd.. lat: Release
MOt MankyPan Estimates

M-drrays N

Indivadual Covanates _I

The CJS Covariance Matrix report displays the covariance matrix for all of the
Cormack-Jolly-Seber parameters, as shown in the example below. The values are printed
in exponential notations with full precision for use by other analysis programs; the

number of decimal places in the Report Format options has no effect on this report.

i C:\SurphData\yakima_new._dat: Ciz Covanance Report _ O] =]

Cormaclk-Jolly—-Seber covariance matrix
[(Cormack 1964, Jolly 1965, Seher 19653

Data: Yakima: Lake Releases
File: C:~SurphData~wvakimna_new. dat

51 =gt

FPopulation: 1

51 1.315106=-004 -4 . 573750=-004
= —4 573750=-004 4.528019=-003

Population: 2

51 1.271202=-004 —-3.302070=-004
B2 —-3.302070=-004 3.356168=-003

FPopulation: 3

S1 7.3787462-005 ~3.114705=-004
P2 ~3114705=-004 S 1869682-003
K1 ]
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3.1.4 Burnham et al. (1987) tests

Fi= Edit  Data Model Parameters Wru:lnw

CJS E stimates... k
D.IE Covariance Matrix

———— E—
Eunham TastZ

y.dat: Release §

I

Burnham et al. (1987) gives three types of statistical tests for assessing model

assumptions for the release-recapture protocol.

1.

TEST 1: Tests for overall treatment effects.

Hy: All survival and detection parameters are the same across treatment groups.
H,: At least some parameters differ between or among groups.

TEST 2: Tests for goodness-of-fit of the model to the data.

Hy: The survival and detection parameters are specific to sampling occasions
within each group.

H,4: The model does not fit the data; there may be tagging effects or differential
behavior.

TEST 3: Tests for parameters that are specific to individual capture histories.

Hy: The survival and detection parameters do not depend on the capture histories
of fish released on any release occasion.

H,: Some of the parameters are dependent on the capture histories of fish in a

given release.
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3.1.5 Manly-Parr estimates

(L Surph
File Edit  Data Model Parameters ‘Window

CJS Estimates. . »
CJS Covariance Matrix
Burnham Test 1.
Burnham Test 2.

Bl iam st v.dat; Releaze B
bd anly-Famr E shimates

b -durrays
Individual Covanates

The Manly-Parr estimates (Manly and Parr 1968) provide a way of estimating
detection probabilities independent of survival. The Manly-Parr report gives these
estimates of detection probability as show below.

i C:\SurphData\Reszerv.dat: Manlp-Parr Beport _ O] x|

Manly-Farr Capture Probability Eztimates
(Manly and Parr 1968)

Data: HReservolr releaszes
File: C:»SurphData~Feszerv. dat

Tnadjusted capture probability esztimates

Cococazion
Population | 2 3
| ——=
1 | 0.450( 3224715 ) 0.391( 193-494 )
J— X
1 -
Remowval proportions
Cococazion
Population | 2 3

|
1| 0.277¢ 183-661 % 0.213( 88,414 )

Capture probability estimates adjusted for removal

Qooaslion
Population | 2 3

I
1| 0.531 0.449

1: =222 andwals seew ot pecdsion 2 owd Lotey

s FE Qeliils keewna to be alive ot pecfsion 2

2l I
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3.1.6 Reduced M-arrays

File Edt | Data Model Parameters ‘Window

CIS Estimates. .. 3
CJS Covariarce batrix
Bumham Test 1.
Bumham Test 2.
Bumham Test 3... v.dat: Release He

tanly-Par E stimates

The "reduced M-arrays" of Burnham et al. (1987) display the numbers of animals
released and subsequently recaptured. It also shows the number "removed" (removed or
lost to handling mortality) at each occasion. There is an M-Array for each population in

the study.

i i C:\SwiphData\Reserv.dat: M-Amrays

:deucad M-Array
I(Elurnham et al. 1987)

-Data: Reservoir relesases
File: C:“SurphData“Reserv dat
(1) 1405 Lnit muLj veleaced (2),&61 of the 1405 were first detected at occasion 2,

Population: £= of these were removed, leaving 472 to be
released at the next sccast
Released | asion next captur | Hewver
Occasion  Totfl 3 4 | Recaptured
5 | 661:183 2:45 171:0 | 351
I?B | 1921443 130:0 | 156
326 193:0 | 133
r‘l.\-j_
|l ey (=) 222 of the 1405 veleased weve first i
- = (7o detected AT poeaslon 2 4.5 of the 222
"'wQJ WEYE VEWMLINVED.
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3.1.7 Data analysis - individual covariates

L Surph

File Edt | Data Model Parameters ‘Window

CJS Eztimates. . ¥
CJS Covariance Mati
Bumiamm Test 1.
Bumiam Test 2.
Bumharm Tast 3. v.dat: Belease Re
bl anly-Fam E shmates
[ BT ETIES

0

When the data contain covariate information for each individual in the study
(individual covariates), SURPH 2.1 provides tools to analyze the covariate data.

The user can select one of two ways of displaying the individual covariate data:
1. Histogram.
2. Cumulative distribution function.

3.1.7.1 Individual covariate - Histogram

File Edit | Dptions ‘Window

Display ¥ v Histogram

E i C:\SurphD ata\yakima dat: Individug

b
|7’_ Freguency

—

The histogram is the default display when the individual covariate option is
selected from the data menu. In the menu shown above, the user can toggle between the
histogram display and the cumulative distribution function display.
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[ v

SurphD ata‘\yakima.dat: Individual Covanates

Frequency Indiidual Covariates

300+

200+ —

100+

7200 80 90 100 110 120 130
length

Population: ﬁz Covariate:
Period: || -I Covari 5

Mean: 96.0320 K-S Tést
Std Dev: 9.5083
Correlation: 0.9656 Not known alive:

Meaw and samp[..-, Andovd deviation
fﬂlr the 'Lr,m..gth' covidlyicte, selected abpve.

own alive:

Sawmple correlation for the two Statistic:
covariates ‘length® and *weilaht, Paloe:
celected above

3.1.7.2 Individual covariate — Cumulative distribution function

L, Surph
File Edit | Options ‘Window
Dizplay [ Hiztogram

E i C:\SurphD ata\pakima._dat: Individual Col

[ h
r Fregquency

The cumulative distribution function graph displays two cumulative distributions:

1. One for previously marked animals that were known to be alive at the end of the
selected period (i.e., recaptured at the end of the period or later) in blue.
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2. One for those not known to be alive (i.e., captured for the last time prior to the

selected period) in red.

il [ C-\SurphD ata\pakima.dat: Individual Covariates

Frequency Individual Covariates

1

T T -

0.

o

=
P .

T -

=
A R—

4
4

T —
i

60 a0 100
length

— Known alive — Mot known alive

. Pnpulaliun:lAu v| Cwariate:henglh vI
Period: |w .l Covariate 2: |weight .l

Mean: 93.4619 K-5 Test
Std Dev: 9.3198 Known alive:
Correlation: 0.9653 Not known alive:
Statistic:
Pwvalue:

291
4156
0.2176
0.0000

]_

For Al populations bn the 15t peviod,

als re known Lo bE alive, and

madlviduals are wot Reowe to be alive

The Kolmogorov-Smirnov test, or K-S test, tests the following:

e Hj: The two samples are from the same distribution.

e H,: The two samples are from different distributions.

For the example above, the K-S test has a p-value of 0.000, indicating a significant

difference in the two distributions. This may be due to some selective effect of length on

survival, capture, or both .
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3.2 Known-Fate

3.2.1 Binomial estimates

File Edit | Data Model Parameters ‘wWindow

I Rinomial Estimates. . »]  Standard Report I
Sampling Surmm Profile Likeihood 0.05
Individual Covariates Prafile Likeihood 0,10

1

|—Hudel Definition List——
[

The binomial estimates report, shown below, provides survival estimates for each

population and each period.

i C:\SurphD ata\Mussel.dat: Binomial E stimates
Survival estimates from binomial modsl

Data: Hoffmann nussel data (known-fate)
File: C:“SurphData“Mu=s=el, dat

93 animals detected at end of first peviod

/ 2 3

1
0.9394 (9§/99‘2\l 0.8252 (118-143) 0.8729 (103-118)

Fopulation

1

99 gulmals alive at beqinning of first period
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3.2.2 Profile likelihood confidence intervals

L. Surph

File Edit | Data Model Parameters ‘Window
Binomial Esfimates... Standard Report
Samplng Surmmary Prafie Likelihood 0.05

If one of the profile likelihood options is selected for the Binomial estimates, the
report will include the estimates of the profile likelihood confidence intervals for all
survival estimates. The alpha level for the confidence interval can be selected to be 0.05
or 0.10. The report below illustrates the Binomial report with 95% profile likelihood
confidence intervals for a study with one population and three periods.

I C:\SurphD ata\Mussel.dat: Binomial E stimates

Survival estimates from binomial model
with profile likelihood 0.05_ confidence interwvals

Data: Hoffmann mussel data (known-fate) alpha Level
File: C:“SurphData“Hussel dat '

| Period Lower bownd o :" 95% confidence interval
Population I ;«.‘I;'_-e?r bound 2 3
1 | 0.9394 (93-99) [0.8810 0.9755] 0.8252 (118-143) [0.7574 0.8814] 0.8729 (
i

23 SURPH 2.1



3.2.3 Sampling summary

File E:El Data Model Paameters ‘Window

Binomial E stimates... »
Sampling Summary

Individual Covanates

S| _new._dal

The sampling summary shows the number of animals released at each occasion,
and how many of each release survive to each subsequent occasion. It also shows the
number "removed" (removed or lost to handling mortality) at each occasion. There is an
sampling summary table for each population in the study.

i C:A\SurphD atatMussel dat: Sampling Summary
Sanpling sunmary

Data: Hoffmann mussel data (known-fate)
File: C:“SurphData~Mussesl.dat
of the 99 released, 9= survived to occasion 2,

Fopulation: 1
WMOE WETE VEMLOVES

Harked | Survived to occasion
Dccasion Total | 3 4
1 99 i 93:0 83:0 73:0
2 co 35:0 an:0
3 0 | " 0:0
Of the 50 released at oceasion 2, 7= of 99 swrvived to pccasion s
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3.2.4 Data analysis - Individual covariates

File Edit Data Model Parameters ‘wWindow

Binomial Estimatesz... »
Sampling Surmmary

When the data contain covariate information for each individual in the study
(individual covariates), SURPH 2.1 provides tools to analyze the covariate data.

The user can select one of two ways of displaying the individual covariate data:
1. Histogram.

2. Cumulative distribution function.

3.2.4.1 Individual covariate - Histogram

File Edit | Options ‘Window

CDF

Grid Lines »

The histogram is the default display when the individual covariate option is
selected from the data menu. In the menu shown above, the user can toggle between the
histogram display and the cumulative distribution function display.
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i C:ASurphData‘\Mussel dat: Individual Covariates

Frequency Individual Covariates
20t [ ——
107 —1
H—+—+t—r—— " T }
5 10 15 20 25
widlth

Population: |1 vI Covariate: Iwidth vI
Period: Iz vI i :

Mean: 14.4259']

Meaw. And samplﬁ dandord deviation

Std Dev: 4.3691 J‘ Known alive: 'FDV the .Wi-dth. oo l.':l?tg_. fufif-l:-tf-l'j ﬂtl:"‘e'f..
Correlation: 0.7610 Mot known alive:
* Statistic:

Sample corvelation {or the two
covAriates "width” and ‘depth’,  Posalue:
selected above

3.2.4.2 Individual covariate — Cumulative distribution function

(L. Surph

Fle Edt | Options Window

i C:\SurphD ata\Mussel dak:

The cumulative distribution function graph displays two cumulative distributions:

1. One for previously marked animals that were alive at the end of the selected
period in blue.

2. One for those that died during the selected period in red.
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i C:ASuiphData\Mussel. dat: Individual Covariates

Frequency Individual Covariates
in
|
o5}
E"
widlth
— Kknown alive — Mot known alive

dividunale ofpg-pulation 1 were
the beabwning of the Znd peviod.

k2 112 bndividuals were
b the end of the 2nd peviod

For the example above, the K-S test has a p-value of 0.0042, indicating a significant
difference in the two distributions. This may indicate some selective effect of length on
survival .
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4.0 Modeling

A central objective of SURPH is to characterize the survival probabilities (or, more
generally, any SURPH probabilities), in terms of their relationship to:

e Each other across periods and/or populations via the main effects parameters.

e Measured covariates via the group covariate coefficients and the individual

covariate coefficients.
The steps of modeling in SURPH are:

1. Set the link function and the parameter definitions for all SURPH probabilities,
and encapsulate these settings by creating a model definition. This can be
repeated to create multiple model definitions. Once created, the model definitions
will appear in the Model Definition List of the SURPH Dialog Window.

2. Press the "Create Model(s)" button on the SURPH Dialog Window to estimate the
parameters for all of the model definitions. The Model Definitions will disappear
from the Model Definition List, and the corresponding Models will now appear in
the Master Model List of the SURPH Dialog Window.

o Once a model is created, the Calculate Variance option can be selected.
After the desired model(s) have been created, the user can:
o Display the output for a selected model.
e Perform hypothesis testing.

e Examine the model diagnostics.
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4.1 Link Functions

Release-Recapture Known-Fate

(L Surph
File Edit Data Model

~ File Edit Data Model | Parameters Window

Hazard .
St
Model Definition List—|

“ ‘ | Name

Window

Parameters

Hazard

B]
[CRSSVLE Detection Link >

|7Mudel Defir

Product... :
Product Link. ~ » I Name # Param !

The functional relationship of the model parameters to the SURPH survival
probabilities is defined by the link function. SURPH 2.1 defines three link functions.

o The identity link assumes an additive effect on survival probability. The identity
link is the default link for all SURPH probabilities.

e The hazard link assumes a multiplicative effect on hazard rate, an exponential

effect on survival probability.
o The logit link assumes an additive effect on log odds ratio.

Both the hazard link and the logit link constrict the probabilities to be between 0 and 1;
the identity link allows a probability to be greater than 1.

The same link function options are also available for modeling the detection
probabilities and the joint product term in the last period. Link functions are specified
separately for the survival, detection, and joint product terms.
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4.2 Parameter Definitions

4.2.1 Main effects parameter definitions

The SURPH parameters for a given SURPH probability are set via the parameter
dialog window. The parameter dialog shown below is the main effects parameter dialog
window for a study with 9 populations and 2 periods (see Release-recapture notes).

5 Surph - Survival Parameters: C:... [M[=]E3

Main E'l'l'inbl Group ] length |

b iz to set all period 22

s Lo o

Population

popllation 4 to

1
2
3
Clice to set all pertods fm‘-"’:'
i
7
i
9
| s

Buttons to celect

pré-defined models

For each period in each population, the user can select a number between 1 and N, where
N is the number of populations times the number of periods. Each number represents the
parameter for that population and period. If two selections are set to the same value, the
corresponding populations and periods will share the same parameter.
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There are four pre-defined settings for the main effects dialog window:

Button Model Description
0 Null Model There is one parameter across all populations and
I periods.
S "Space" Model | There is a unique parameter for each population, but
all periods share the same parameter.
T "Time" Model There is a unique parameter for each period, but all
populations share the same parameters.
ST "Space/Time" There is a unique parameter for each population and
Model each period. This is the default setting shown above.

Parameter sets for these four different model specifications are illustrated below

along with an example of a user-specified model.
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Null Model "Space' Model

The same parameter for all populations and ~ Unique parameters for each population,
periods shared parameters across periods

Surph - Survival Parameters: C-___ [M[=] E3 Surph - Survival Parameters: C:... [W[=] 4

yiv
2 |
3
3
2 I
2 I
> =h 5
> =h 5
> =h E
> b E
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"Time" Model "Space/Time'" Model

Unique parameters for each period, shared Unique parameters for each population
parameters across all populations and period

Surph - Survival Parameters: C-___ [l[u] B3 Surph - Survival Parameters: C-___ [l[=] B3

i
b

Y| v
I
e
(> | =l o
e
S\ > | =z =
(> o =
|
o > |1 =l =
o[ > |1 =l =
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“Special Case” Model

5 Surph - Survival Parameters: C:... [M[=]E3

hain Effects I Graup | length I

Period

Population 1 2

First 4 populations: Unique
parameter for each period and
population;

Last 5 populations: Unique
parameters across populations, shared
parameters across periods.

Wm0 = M M o LD Ma -

4.2.2 Group covariate parameter definitions

The group covariates for a SURPH probability are defined in much the same way as
the main effect parameters, except that:

e There are no "predefined" model buttons;

e A value of "0" (zero) is allowed, indicating that the given group covariate is not

modeled for the given population and period;

e Group covariates cannot be unique across populations — only across periods.
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Below is an example of the group covariate dialog window for a study with 2 group

covariates ("middle" and "late"), and 2 periods. It shows the default setting of all zeroes,

indicating that no group covariates are included in the model (see Release-recapture

notes).

bain Effects  Group I length |

Period

Covariate 1

S Surph - Survival Parameters: C:... [M[=] E3

2

middle h‘ v“u "l

0
late || = Jo =0 -]

As with the main effects dialog window , periods with the same number share a common

parameter for a given covariate. Note, however, that parameters are not shared across

covariates; each covariate has its own set of parameters.

4.2.3 Individual covariate parameter definitions

The individual covariate parameters are defined in a similar way as group

covariate parameters. The parameter dialog window has a tab for each individual

covariate. In the example below, there is one covariate "length" (see Release-recapture

notes).
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S Surph - Survival Parameters -|Oj x|

b ain Effects I Group I length I

Period

Population 1 2

B S = o M & W P =

0o | s

For a given individual covariate, a unique parameter can be specified for each
population and period. The above example illustrates the default of all "0"s, specifying

that the given individual covariate is not included in the model.

Again, the same number in multiple positions indicates a shared parameter.

4.2.4 Define model - Release-recapture notes

The model parameter dialog windows for the product SURPH probabilities (the
product of the final detection and survival probability for each population) is different
from the other SURPH probabilities in that there is no period effect for any of the
parameters. With that one exception, the product probabilities may be modeled in the
same way as the other SURPH probabilities.

36 SURPH 2.1



4.3 Calculate Model Variance

@swph

Calcidate Vanance

Surph Parameters

Surph Probabilities

Survival Curyes

When a model is created and the parameter estimates calculated, the variances of
the parameter estimates are not automatically calculated, and the standard errors on the
model output will be shown as a series of dashes ("-"). To obtain the variance estimates
(and hence the standard errors), the user must explicitly calculate the parameter variances
as shown above. If a model output report is open, it must be closed and reopened in order
to show the updated standard errors.

4.4 Model Output

There are two text reports for displaying the output of a selected model:

1. The SURPH Parameters Report shows the estimates of the model parameters with

the standard error (if the model variance has been calculated).

2. The SURPH Probabilities Report shows the estimates of the SURPH survival and
detection probabilities, calculated from the SURPH parameters with the selected
link functions.

Examples of the two reports are show below.
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4.4.1 SURPH parameters report

SURPH parameter report

Hodel: example 2

Data: Dworshak Hatchery 4-8-93, 4-22-93, and 5/6-93 Releases

Fila: C:\SurehDsts Duarehsl ssw dst - - . .

S EST e TSRS LA TSRS s H the nendel variance has wot been
Survival link: hazard caleulated, thece eolumunce wilk
Capture link: logit clape

Product link: logit be all dashes.

Parameter # eztinate =td. err. ratio Definition

P =] 3|

_The ratio of the estlmate t

ﬂtﬁwﬂde?an,anq:rK:.dH

z-dlisffributed

Survival probability
b ] n 2729cCc

1 0.272% 0.0766 556 S =
2 —-1.7324 0.1287 —-3.921 in effect 1 pﬁnﬁm.t&r
3 -1 .80c68 U_1244‘#ﬂ_,;é#€f7§dd‘ﬁ§;n effect 2
4 -1.9687 Main effect 3
5 -1.9162 Main effect 4
& =1.9072 Main effect &
7 0.0584 0.1191 0.4907% Main effect 6
8 0.0505 0.1195 0.4224 Main effect 7
9 -1.7958 0.1277 -2.3987 Main effect 8
10 =1.7921 ————————— mm—————— Group cov, effect 1
i1 -1.9904 0.0015 =7.7417 Individual cov. effect 1
Capture probability
12 -1, 6987 0.0429 -8.98E54 Baseline .
13 -1.7818 0.0669 -4.7339  Hain effect 1 Applies to Helense-Ree
Product data puly
14 0.0852 0.0824 1.03z28 Ba=zeline

s

||

2 that the

, -/WRS wi caloulable for thiz
el

ayidace
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4.4.2 SURPH probabilities report

i C:\SurphD ata\Dwarshak_new.dat: Probability Report

Integrated SURFH probability estimates a

Hodel: exanple 2 o
Data: Dworshak Hatchery 4-8-93, 4-22-93, and 5-6-93 Releases
File: C:“SurphData“Dworshak nev dat

Survival probabilities /

MA T gans Mot Avplicable
SURPH.Z cavnot calowlate the

ik s someimee war (L2 ATl
Jltiid VEAEFLANGELS Ly WWRALVLAKEAL

N . e

| Pericod
Population | 1 /
1 | 0.6964 ( ——NA=— ) 0.7194 { —-NA—— )
¥4 | 6.7537 { —Ka— 3 0.76%5% { ——Na— )
3 | 0.7138 ( —Ma— ) 0.7184 { —Ha— )
4 | 0,7715 { —Nia—— ) 0.7821 { —-Na—— )
5 | 0.7408 ( —-Ni-— ) 0.7403 ( —-Ni-- )
6 | 0.7393 ( ==Na-— ) 0.7431 { =--Na-- )
7 | 0.6752 { —=NA-- )} 0.6842 ( —=Hia— )}
3 | 0.6761 ( —NA— ) 0.6795 { —Ha— )
9 | 0.7123 ( —Wa— ) 0.7149 ( —Ha— )

Capture probabilities

| Occasion
Fopulation | 2 3
1 | 0.4252 ( ==Nh== ) 0.3729 ( ==Ni== )
2 | 0.4252 ( —=NA—= ) 0.3729 ( —-Hi— )
3 | 04252 ( —NA— ) 0.3729 ( ——Na— )
l | 0.4252 ( —NA— )} 0.3723 { ——Na—
s | 0.4252 ( ——NA—— )} 0.3723 { ——Na—— )
(] | 0.4252 ( —Ni&-— ) 0.3729 ( —-Ni—— )
7 | 0.4252 ( —-Na-— ) 0.3729 ( —-HA— )
2 | 0.4252 { ——NA—— )} 0.3729 { ——Ni—— )
9 | 0.4252 ( —NA— 3 0.3729% { ——Ha—
Product of final survival and capture probabilities
i |
Population | o
" Product probakilties for
é I g E%ig : ::Eﬁ:: ; ["-.-"' ulakions 5 throrgh 9 do wpt
3 | 0.8213 ( —-Na— ) fiL b current wingow.
4 | 0.5213 ( —Na— ) —
L= I nm E213 ¢ __WMh__ 1
Al 1

4.5 Hypothesis Testing

There are three ways of performing model selection and hypothesis testing within
SURPH:

1. Likelihood Ratio Test for testing nested or hierarchical models.
2. Akaike Information Criteria for non-nested models.

3. Analysis of Deviance for testing group covariate effects.
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4.5.1 Hypothesis testing - Likelihood ratio test

The Likelihood Ratio Test (LRT) is a general, powerful method of testing two
models when one model is a nested or special case of the other. In the illustration below,
"CommonS" is a special case of "SPerPop" and therefore is displayed in the Testable
Model List when "SPerPop" is selected in the Master Model List. If "CommonS" is then
selected in the "Testable Model List", a Likelihood Ratio Test is performed, with the test
results appearing in the lower left of the SURPH Dialog Window.

i C:\SurphData\Dworshak_new.dat: Release Recapture Modeling
~Muodel Definition List

Master Model List

| Mame | #Param | LnLike | AIC | SLink | PLink | PhiLink |
CommonS 28 -6138.76 12333.5 identity identity identity

SPerPop [l -6131.99 12336 identity identity identity

Testable Model List

Name # Param LnLike AIC S Link P Link Phi Link
Create Model Def -6138.76 12333.5 identity identity identity

‘ Create Model[s]

Statistic:[13. 5363

df:lg .
P-value:|g, 0946821 | D
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4.5.2 Hypothesis testing - Akaike information criterion

The Akaike Information Criterion, or AIC (Akaike 1973, Sakamoto et al. 1986),
has received much recent attention in release-recapture literature (e.g., Burnham and
Anderson 1998). The details of the AIC are provided in the SURPH.1 manual. The
smaller the value of the AIC, the better the fit of the model to the observed data. The
AIC, unlike the Likelihood Ratio Test, has been used to select among non-nested models.
In the example below, the model "SPer" has the smallest AIC (12335.5) and would be

selected as the better fit based on the AIC.

[ C:\SurphD ata\D worshak_new.dat: Release Recapture Modeling
Model Definition List

Master Model List

4.5.3 Hypothesis testing - Analysis of deviance

Hensme
Delste

Caltulate Marsnne

File Edit Data | Model Parameters ‘Window

[1el

SlrEt e ametets
SlrptnEotaies

Survival Curves

Capture Curves

ot EUTES

Residual Plots

SRR S s s Estmates

W elease Rec

EHRM oEenG

Anakziz of Deviance

Name #Param | LnLike | AIC | SLink | PLink = PhiLink |
_ IsPop___ |36 613199 12336  identity identity identity
_|SPer 29 -6138.76 123355 identity identity identity

SPopPer 45 -6123.6 12337.2 identity identity identity

Simulation studies have shown that when data were generated with no group

covariate effects between populations (the null hypothesis), the Likelihood Ratio Test
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consistently rejected the null hypothesis far too often (Smith 1991). The Analysis of
Deviance (ANODEV) approach, however, performed according to its expected nominal
distribution (Smith 1991). For this reason, SURPH 2.1 provides an Analysis of Deviance

procedure for testing models with group covariate effects.

The theory behind Analysis of Deviance and a complete description of the models can
be found in the SURPH.1 Manual; the following is simply a description of the procedure
for using the Analysis of Deviance with SURPH 2.1.

4.5.3.1 Analysis of deviance - Initialization
Select the Covariates

CE EE— |

—oelect Group Covariates for Anodew

;rr' iddle

0] 4 Cancel

After the Analysis of Deviance option is selected, the above dialog window
appears to allow the user to select which group covariates will be used in the Analysis of
Deviance modeling. Multiple covariates may be selected by holding the "cntrl" key or
the "shift" key when selecting with the mouse.

Anodev Dialog Window and Binary Bad

Once the user has selected the covariates to be used, SURPH 2.1 creates the three

default Anodev models:
1. Total Means Model.
2. Period Means Model.
3. Full Model.

42 SURPH 2.1



The Anodev Dialog Window and the Anodev Binary Pad then appear, as show below,
with the three default models in the Used list.

Total Model
Period Means Model
Full Model

Awpdev Dialog wWindow

Awnpdey Eimrld rad
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4.5.3.2 Analysis of deviance - Components

Anodev Dialog Window
i C:ASurphData\Dworshak_new. dat: Individual Covariates
Available Used

middlePer?2 Total Model
Period Means Model
Full Model
middlePerl

Create Model | Transfer Model | Compute Table |

The Anodev Dialog Window is the window that controls the Analysis of
Deviance procedure. Its components are:

Available The list of all models that have been created by the user during
the current Analysis of Deviance session. It does not include the
three default models created during initialization.

Used The list of all models used in computing the Anodev Table,
created with the Compute Table button.

Create Model | Creates a new model based on the current setting of the Binary
Pad. The new model appears in the Available list.

Compute Table | Recalculates and displays the Anodev Table based on the models
currently in the Used list.

> | Adds the model selected in the Available list to the Used list.
An error message will be displayed if the model cannot be added
because it is not nested in relation to the other models in the
Used list.

Removed the selected model from the Used list. The model is
placed back into the Available list.

-
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Anodev Binary Pad

i Anodey binary pad _ |0

Occasion

Covariate 1 2
middle

late

The Anodev Binary Pad functions in much the same way as a SURPH Parameter

Dialog Window, except that the options for each covariate and period are limited to "0"

to disable the parameter for the given covariate and period, or "1" to enable it. The value

of a button is toggled by clicking on it. In the example shown above, pressing the

"Create Model" button will create a model that includes the covariate "middle" in the 2nd

period only, and does not include the covariate "late" at all.

Anodev Table Report

When the "Compute Table" button is pressed on the Anodev Dialog Window, the

Anodev Table Report appears (or is updated if already present), showing the Anodev

Table for the models in the Used list of the Anodev Dialog Window.

[ ANDDEY Table I =] |
Analy=sis of Deviance
Data: Dworshak Hatchery 4893, 422093, and 5-6-93 Releases
File: C:“SurphData~Dworshal_new. dat
Mean

Source df Deviance Deviance F 7
Uncorrected total 18 12277 .5142
Period means 2 12247 .2072
Corrected total 16 30.3070
Total covariate 1 14.6188 3.6547 2.79585 0.0749
Error 12 15 . 5882 1.3073
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4.6 Model Diagnostics

SURPH 2.1 provides tools for examining how well a given model fits the data. They

arc.

e Group covariate survival curves and individual covariate survival curves that
graphically illustrate how the model maps a given SURPH probability to the
given covariate (for release-recapture data, note that all of the same survival curve

functionality is available for detection probabilities as well).

o For release-recapture data, a graphical comparison of the CJS estimates to the
model estimates of survival and detection probabilities.

SURPH 2.1 allows a user to display and evaluate the estimated survival as a
function of a given group covariate or individual covariate. For release-recapture data,
note that all of the same survival curve functionality is available for detection

probabilities as well.
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4.6.1 Model diagnostics - Group covariate survival curves

File Edit Data | Model Parameters ‘window

Rename. ..
Dealete Del Recaplure Modeling
—Model Defi  Calculate Vanance

Surph Parameters

Surph Probabiliies

The group covariate survival curves allow the user to asses how well the given

model's prediction of survival as a function of the covariate (the red line in the graph
below) fits the actual data (the "+"s below).

“ASurphD ata\Distance_new.dat: Group Covanates
Estimated Survival Group Covariates
1F
1l =+
0.8t
4k C)S (or Blnowiol) | Estihwptes
T <k + <+ ,..-—""’7—
0.6+ i
1 . +
S
0.4t ‘*\‘H\
0.2 mapplel wrediction of survival as a . ""“xx
1 function of ‘."Tr the covariate T
0— } 4 } ' 4 }
200 400 600 800
distance
Covariate: |dist,“,;,_._ -l Period: |u vl
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4.6.2 Model diagnostics - Individual covariate survival curves

@ Surph

File Edit Data | Model Parametsrs ‘window
]
—

i C:\SurphD

Model Defi

Delete Del
Calculate Vanance

Surph Paiameters

Surnh Probshilities

=SUrpn Fronannies

Eroduct Burves k

[
| —

jecapture Modeling

# Param LnLike 4
32 11169.1 224

Group

(=4 e
Capture Curves g rdvidoa ]

The individual covariate survival curves allow the user to assess how well a given

model's prediction of survival as a function of the covariate (the red line in the graph

below) fits the actual data. The user has the option of superimposing either a histogram

of the data, or a nonparametric estimate of survival as a function of the covariate, over the

model's prediction of survival as a function of the covariate.

Estimated Survival

i C:\SurphData\Distance_new.dat: Individual Covariates

Indrvidual Covanates

Period: |1 ...I Cowvariate: Ilenglh --I
Population: IM --I Standard: IMinimum "'I

300
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4.6.2.1 Histogram

File Edit | Options ‘Window
D )

Gri

i C-\SurphData\Distance_new_dat: Individual Covariates

Individual Covanates

Estimated Survival
[ ]
Ll
\
| 1

0 50 100 150 200 250 300

length
Period: |1 j Covariate: IW vl
Population: |1 j Standard: IMinimum j
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4.6.2.2 Nonparametric estimate

File Edit Options ‘Window

TN v Suvival _

Tl | e

Histograrm

The nonparametric estimate of survival as a function of an individual covariate is
superimposed on the model's prediction of the same function in the graph below. Each
point on the nonparametric function is the CJS estimate (or binomial estimate for known-
fate data), for all data with covariate values within a window around the given point. The
window size varies from a minimum of eight data points up to one-fifth of the total
number of data points.

Because the window of data used to create the separate CJS estimates is small,
there is considerable variability about the individual estimates. Furthermore, the
estimates from the moving window are correlated, resulting in localized trends that may
not actually exist. Also, the window size is smaller at the lower and upper boundaries of
the covariate.

I C:ASurphData\Distance_new._dat: Individual Covariates
Estimated Survival Individual Covariates
‘I.
056t
-+t
0 50 1a0 150 200 250 ana
length
Pt:riud:|1 .I Covariate: W -
Pupulatiun:|1 .I Standard:IMinimum .I
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4.6.2.3 Relative Risk

o Histaarars
& Hisogram

I Leipl el f= =t

If the Relative Risk option is selected from the graph options menu, the
instantaneous relative risk (described in the SURPH.1 manual) as a function of the
individual covariate is plotted instead of the survival function. As with the survival

function graph, the user may superimpose a histogram of the covariate data on the graph.

The user can select from one of three standards for the relative risk graph:

Mean Relative risk of 1.0 corresponds with the mean covariate value (the
default, as shown below).

Minimum | Relative risk of 1.0 corresponds with the minimum covariate value.

Maximum | Relative risk of 1.0 corresponds with the maximum covariate value.

% Public’, Dworshak_new.dat: Individual Covariates = |E||i|

Individual Covariates

Relative Risk
ra

50 100 150 200 250 300
Pt:riud:|1 .l Cuvariate:lmngth .l
Population: |1 .l Standard: Im .l

This relative risk curve is only applicable when the hazard function is used to model
survival probabilities.
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4.6.2.4 Relative Risk with Histogram

Fie Edt Options ‘Window

I—
splay ¥ ISV
i Er v Relative risk -

(v Histogram |

e ETETEE

Individual Covariates
A ol
x 1
¥ 15f u
) T -
= T
© 1
&
nsl
'n s 100 180 200 260 300
length
Pt:riud:|1 j Cuvariate:lmnmh j
F‘npulatiun:|1 j Standard:lwvl
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SURPH vs. CJS estimates

Fie Edi Data Modsl Paamelers Window
Rename..,

Delete I ecapture Modeling

~Model Defi  Calculste Vaiance Mast
Surph Parameters \# Param LnLike
Surph Probabilities 32 11169.1 ¢
Survival Curves L3 41 -11116.8
Capture Curves 3

Fraduct Curves 3

The Cormack-Jolly-Seber Estimates are unique for each population and period,
and therefore fit the data optimally and provide a standard for evaluating the survival
estimates from a selected model. The SURPH vs. CJS Estimates plot is illustrated below.
The x-axis is for the CJS estimates, and the y-axis is for the SURPH estimates for the
selected model. The green 45-degree line corresponds to the optimal condition of the two
sets of estimates being equal; the distance from the green line corresponds to the
discrepancy between the two estimates.

= CASurphData\Distance new.dat: SURPH vs. CJS Estimates M[=] E3

Integrated Surphwvs. Cjs Estirmates, Modely
Surph Estimates

- s 88 A 338
! "s%ss

J g §— o)
:_ Fﬂ ﬁ\ C)s Detection estlmates

.....

FivivBl estimadtes

SN 45-degree ling (SURPH Model = ¢)s)

0 0.2 04 06 og 1
CJS Estimates
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4.6.3 Residuals vs. capture histories

(L Surph

Fle Edt Data | Model Parameters Window
Delete IE B ecapture Modeling
Model Defi  Calculate Yariance Master Model
Surph Parameters # Param Lnlike =~ AIC
St 32 11169.1 22402.3 h:
Survival Curves L 41 -11116.8 22315.5 h
»

Capture Curves

e[l el g5, ¥

SURFH vs. CJS5 Estimates
| FAesidualPlots b H

Eddnli Gdeling Nomal Q0

Analysis of Deviance Testable Mo

Create Model Def | Name # Par

T i

I

The Residuals vs. Capture History plot shows all of the Anscombe residuals for
each possible capture history. The Anscombe residuals are the residuals transformed so
as to follow a normal distribution (McCullagh and Nelder 1989). Each residual is
indicated by a number indicating which population it is from, with "A" used for
population 10, "B" for 11, etc. Horizontal red lines indicate values of -2.0 and +2.0. If
the model adequately fits the data, the Anscombe residuals should follow a normal
distribution, and approximately 95% of them should lie within the two horizontal red
lines.

The user can select any data point on the plot, and the information for that point
will be displayed along the bottom, as shown below. The user can also select the Scatter
option to see the individual points more clearly.
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i i C:A\SurphD ata\Distance_new.dat: Residual

Standardized Residuals vs. Capture Histaries, Model models,

B

It #c ™
arec T

T PO

P
Pt —
ecab YO
B T

T

O LT O

g

T A

B g 10 11 12
Capture History (decimal)

13

14
- wfo. o selected point

op: 3 History: 1011 Observed: 28 Expected: 215721 Residual: 1.323

15

-’f}\.'.f.!ﬂ‘.l."--,ﬁ. in
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4.6.4 Scatter option

Fie Edit | Options Window

The scatter option offsets the points for the capture histories around the columns

for the capture history so that the individual points may be more easily seen and selected,

as shown below.

i C:\SurphD ata\Distance_new.dat: Residual

Standardized Residuals vs. Capture Histories, Model modela,

(Mo Point Selected).

| A
3
Z &

3] > |8 14
| & E K 1 1 ;
4 q B
A > . 2 .

0
¥ IE%& ?Ef,h FA g ]23§59 7
3
g
- A
3 9 10 1 12 13 14 15

Capture Histary (decimal)
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4.6.5 Normal QQ plot

Fie Edit Data | Model Parametess “Window
F Raname..
Fm Delete Del ECapn £ M Dileding

- Model Defi  Calculste Variance Master Model |
Surph Parameters # Param| LnLike  AIC
ik 32 -11169.1 22402.3 |
Survival Curves -11116.8 22315.5
Caphure Curves

[Frad st (SunveEs

SURPH vz CIS Estimates

L vz, Capture History
Al =i
Analysis of Deviance .

Create Model Def | | Name # Param| Lnlike Al
— .

The Normal-QQ plot is a plot of values of the ordered standardized Anscombe
residuals. If the residuals follow a normal distribution, they should lie approximately on
the green 45-degree line.

i C:\SurphD ata\Distance_new.dat: Normal Q0

Mormal Q0-Flot Population All, Model modala
Standardized Residuals

i X
Mok renoved, or wncencored polng ——e M F— 45-degree Ling

2.

| vedt, ov censored polnt
U_
ol

| Il ) ¥ L i L i L L i L

I A T I I

Quantiles of Standard Normal

+ (Remowved) at (1.3819, 0.5844)
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4.7 File Formats

The input data file is a text file that contains the following items in the given order.

The text "Surph2" on the first line

A one-line data description

The number of populations

The number of periods, or intervals
Group covariate definitions (if any)
Individual covariate definitions (if any)
Population names (optional)

The number tagged in each population
The Tag ID flag

10. A capture history line for each individual

A S IR AN U T o e

SURPH.1 Users: Use the stand-alone data conversion routine to convert an input data
file from SURPH.1 format to SURPH 2.1 format.

4.7.1 Input file

The first line of the input file must read “SURPH 2.”

4.7.2 Data description

The data description goes on the 2nd line (after the "Surph2" keyword). This
description will appear in all reports based on the data.

4.7.3 Number of populations

The number of populations is indicated by the keyword npop or numPopulations
followed by an integer for the number of populations.

4.7.4 Number of periods

The number of periods is indicated by the keyword nper or numPeriods followed
by an integer for the number of periods.
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4.7.5 Group covariate definitions

If the data contain group covariates, they are defined after the number of periods
definition. There is one definition for each group covariate, as follows:

1. The keyword gecov or group_covariate.

2. The name, or label, for the group covariate.

3. Optionally, one of the following keywords

o time_ variant indicates that the group covariate has a different value in
each period.

o time_invariant indicates that the group covariate has the same value
across all periods.

If neither keyword is specified, the covariate is assumed to be time invariant.

4. The values of the covariate. If time variant, there must be one value for each
population and each period; if time invariant, there must be one value for each
population.

4.7.6 Individual covariate definitions
If the data contain individual covariates, there must be one definition for each individual
covariate, as follows:

1. The keyword icov or individual covariate.

2. The name, or label, for the individual covariate.

The value for each individual covariate for each individual is specified in the capture

history line.

4.7.7 Population names

One label per population to be used in reports. If omitted, the names default to
numbers 1 through n (n = number of populations ).

4.7.8 Number tagged

The number tagged is specified by the keyword ntag or number_tagged,

followed by a number for each population.
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4.7.9 Tag ID flag

The keyword tagID followed by the keyword absent indicates that there are no
tag IDs in the data and each capture history line begins with the capture history; if the
taglD keyword is followed by the keyword present, the first field of the capture history
line is the tag ID. If the taglD keyword is not used, the tag IDS are assumed to be
present.

4.7.10 Capture history line

The capture history lines are indicated with the keyword capthist or
captureHistories, followed by a capture history line for each individual in each
population. The individuals must be grouped by populations. For example, if there are
two populations specified as

number Tagged
250 300

then there must be 550 capture history lines, with the first 250 belonging to the first
population, and the remaining 300 belonging to the second population.

Each capture history line is structured as follows:

1. The tag ID if the taglD flag is set to present. Otherwise, the capture history line
begins with the capture history, below.
The capture history.

3. The individual covariate values. There must be one value for each individual

covariate, and they must be specified in the order they are defined.

4.7.11 Example: SURPH input data file

Below is an example of a SURPH input data file for a study with 4 populations, 3
periods, 3 group covariates, and 2 individual covariates.
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4.8 File Operations
4.8.1 SURPH 2.1 - Load input data

File Edit ‘Wirdow
Load Data

Savehs,,,

=it

opd Model Definton(sl),,
Save Medel Detintonls)..

Load Madel(s]),,
Save Medels]..

Close
Esat

Once the data have been successfully loaded, the SURPH Dialog Window for the
selected data type will appear.

Note: The input data file format is different for SURPH 2.1 than for previous versions.
A conversion utility is provided to convert older input data files to the new format.

4.8.2 Save and load model definitions

File Edt Data Model Parametess ‘Window

File Edit Data Model Parameters window

Load Data... Load Data. ..
SEVEME SavEsE,
el

el

hiD atakDiztane
Load Model Definition(s]... efinition Lis*

Save Model Definition(

Laad Madel Definition(s)
Gave i pdelDEfRtEnel.

Load Model(s)...
Crve HMadeile]

Load Model(s)..
Siave MoElsI

Close

Model Definitions may be saved to a file and loaded at a later SURPH 2.1 session. They
are stored as text files that may be edited by the user with a standard text editor (see
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Model Definition format). This may be desirable in cases where there are so many

populations and/or periods that displaying the model setup on a monitor would be
difficult.

4.8.3 Save and load models

File Ecit Data Maodel Parameters Windaw

Load Data...

SaveEss,.

it

ISR [ 3
Eel Definition

s o R SR g

Save i oE e efmrmEmEl

Load Models] ..

Cloze
Exit (B

L. Surph

File Edit Data Model Parameters ‘Window
Load Data...

SEVEILE..
=it

Load Model Defiration z]...

SEvEIM GEE et ST

Load Modelfs]...

OTETAT e

Once a Model has been created with SURPH 2.1, it may be saved to a file and
then loaded at a later SURPH 2.1 session.
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